difficult. In a more recent assessment of epidemiologic studies on seasonal influenza vaccines, experimental studies in animals, and case reports in humans, the IOM Committee to Review Adverse Effects of Vaccines concluded that the evidence was inadequate to accept or reject a causal relationship. 7 In the province of Quebec, Canada, a mass immunization campaign was launched in the fall of 2009 to control a pandemic caused by a new influenza A(H1N1) virus. 8, 9 Herein we report results of a population-based epidemiologic investigation ordered by the chief medical officer of health, based on GBS cases notified to public health authorities and others found in the MEDECHO provincial hospitalization database.
METHODS
In Quebec, the mass immunization campaign started on October 26, 2009. The target population included all residents aged 6 months or older (total=7.8 million). Pandemic vaccines were administered by the public health service only. All immunizations were recorded in a specific registry linked to the universal provincial health insurance database. By the end of the year, 57% of the target population had been vaccinated (4.4 million). The majority (96%) received the inactivated monovalent ASO3 adjuvant influenza A ( H 1 N 1 ) v a c c i n e ( A r e p a n r i x , GlaxoSmithKline).
As a precautionary measure, the chief medical officer of health ordered an epidemiologic investigation of GBS in accordance with the Quebec Public Health Act. 10 This meant that approval by an ethics committee was not required and that all records pertaining to GBS patients could be reviewed.
In early October 2009, all physicians in the province were informed that GBS had been included in the list of reportable diseases and should be reported irrespective of a patient's immunization status. In addition, all neurologists were contacted by mail twice a month from early October 2009 to mid-April 2010 and asked to report any confirmed or suspected GBS cases. In addition, a nominative list of admissions to any acute care hospital with a main diagnosis of GBS (International Statistical Classification of Diseases, Tenth Revision code G610) during the period October 2009 through March 2010 was received. The lists of patients reported prospectively by physicians and those retrospectively identified in the hospital admission database were linked. Medical directors of health care facilities in which these patients had been treated were contacted and archivists were asked to provide a copy of medical notes and results of diagnostic investigations, but patients were not contacted at this stage.
All patients' records were reviewed by a physician (G.D.) with the assistance of an adult neurologist (D.B.) and a pediatric neurologist (R.-M.B.). Reviewers were blinded to the immunization status of cases. Cases of GBS were classified into 1 of 3 categories (level 1, 2, or 3) based on the Brighton criteria of decreasing certainty in diagnosis. 11 A fourth category (level 4) was used for cases with a diagnosis of GBS confirmed by a neurologist but with insufficient evidence to meet Brighton levels 1 through 3 definitions. The date of disease onset was determined for each case, based on the history of the earliest signs and symptoms related to the current neurological disease. Finally, the immunization status of each GBS case was verified in the provincial immunization registry, including the date of vaccine administration and the type of vaccine. Cases of GBS with disease onset between October 13, 2009, and March 31, 2010, were selected for statistical analyses.
The number of residents in the province of Quebec and their distribution by age and sex were estimated from census data as of July 1, 2009, provided by the Quebec Statistics Institute. The number of persons who had received a pandemic influenza vaccine by day of vaccination was extracted from the immunization registry. The number of persons not vaccinated was estimated as the number of residents minus the number of persons vaccinated. Based on observations made at the time of the influenza A(H1N1) vaccinations, 3 GBS incidence rates in the exposed population were calculated using 3 risk periods: 8 weeks (56 days), 6 weeks (42 days), and 4 weeks (28 days) after vaccine administration. Incidence rates of GBS in the unexposed population were calculated by combining the incidence among persons not vaccinated and the incidence among those vaccinated and observed up to the date of vaccine administration and more than 8 weeks after vaccine administration. Age-and sex-adjusted rate ratios or relative risks (RRs) and their 95% confidence intervals were estimated using a Poisson model. 12 Attributable risk per 1 million vaccine doses was computed as the number of GBS cases observed during a specific risk period multiplied by (RR − 1)/RR. 12 For comparison of percentages, the 2 or Fisher exact tests were used. Statistical significance was considered for PϽ.05 by 2-sided test.
The self-controlled case-series method, as described by Whitaker et al, 13 was also used for estimating RRs. In this method, the analysis is restricted to persons who have been vaccinated and developed the condition under study. The method allows for the control of all permanent characteristics of patients in addition to seasonal variation in risk. Because a recent history of GBS may be a reason to decline influenza vaccination, the analysis was restricted to persons who were vaccinated before GBS onset. The incidence density of GBS during the risk period (Յ8 weeks after vaccine administration) was compared with the incidence density during a reference period extending from the end of the exposure period to the end of the study period.
Several analyses were performed using different definitions of GBS cases and of the risk and reference periods. Seasonality was controlled for by using a dichotomous indicator variable representing the winter period (December 21, 2009-March 20, 2010) as op-H1N1 INFLUENZA VACCINATION AND GUILLAIN-BARRÉ SYNDROME IN QUEBEC posed to another period, or a categorical variable representing each calendar month. A stratified analysis was performed to take into account possible GBS risk associated with the pandemic influenza infection, and 2 periods of vaccine administration were considered: up to November 28, 2009, when 20% or more of viral diagnostic test results were positive for influenza A(H1N1), 14 or after this date. Another stratified analysis was performed according to existence vs no existence of a history of respiratory infection or influenzalike illness prior (Ͻ1 month) to hospital admission, as reported in the medical chart.
To exclude a possible bias related to selective recording of GBS cases with a history of vaccination, an analysis was restricted to cases identified in the hospital administrative database only. For this analysis, truncation of the observation period on March 17, 2010, was performed to exclude GBS cases possibly admitted late in March and discharged in April, after the date of closure of the hospital file on March 31, 2010. Statistical analyses were performed using SAS software, version 9.2 (SAS Institute Inc).
RESULTS
During the active surveillance period, 61 possible GBS cases were reported to public health authorities. Seventyseven possible GBS cases were retrospectively identified in the MEDECHO hospital admission database. Thirtyseven cases were found in both sources, for a total of 101 cases. For all 101, medical charts were retrieved and analyzed. Eighteen possible cases were excluded: 12 cases with a final diagnosis other than GBS, 2 recurrent GBS cases, 2 cases with disease onset before October 13, 2009, and 2 other cases with onset after March 31, 2010. Thus, 83 cases were included in the analysis. The overall GBS incidence rate in the study population, representing 3 623 046 person-years of observation, was 2.3 per 100 000.
Of the 83 confirmed GBS cases included in the analysis, 42 had been im-munized before disease onset (1-121 days after immunization) and all had received the ASO3 adjuvant H1N1 vaccine. For 25 cases, disease onset was 8 or fewer weeks after the vaccine was administered and they were considered exposed, whereas the 17 other cases were immunized more than 8 weeks before disease onset and were considered unexposed. Thus, for the cohort analysis, 25 GBS cases were considered exposed and 58 cases were considered unexposed.
The characteristics of GBS cases according to exposure status are shown in TABLE 1. Forty-nine cases were classified in the Brighton level 1 category, 22 cases in level 2, and 12 cases in level 4. The distribution of cases according to diagnostic category was similar in exposed and unexposed cases. The percentage of male patients was 69%. The median age was 49 years (range, 1-89 years). The percentage of elderly patients was higher in the exposed group than the unexposed group. The majority of patients (96%) were hospitalized; 25% developed severe paralysis of the lower limbs and were unable to walk at some point; and 17% developed respiratory distress syndrome and required intubation and/or assisted ventilation. Four patients died, all of whom were older than 60 years. Conditions occurring within 1 month before GBS onset as reported in medical records included a respiratory tract infection or influenzalike illness in 36% of cases, gastroenteritis in 18%, and trauma in 4%. A history of infection during the month prior to hospitalization was less frequent in exposed than in unexposed patients. The median interval between disease onset and hospitalization was 5 days (range, 1-34 days).
Of the 83 confirmed GBS cases identified during the 6-month study period, 56 (67% of total) occurred during a 12-week period from October 18, 2009 (2009 Centers for Disease Control and Prevention [CDC] week 42) to January 9, 2010 (2010 CDC week 1). The cluster was mostly explained by cases occurring in persons who were recently (Յ8 weeks) immunized (22/56 Results of analyses using the selfcontrolled case-series method are shown in TABLE 4. In the base model with no covariate, all RR estimates were greater than 1 and the highest value was for all confirmed cases during the 4-week postvaccination period (RR, 3.02; 95% CI, 1.64-5.56). Estimates were similar when a different definition of the risk period was used (model 2), when seasonality was considered (models 3A and 3B), when cases were stratified according to the vaccination period (model 4), or when cases were restricted to those identified in the hospital discharge database (model 5). Risk estimates tended to be higher for cases with a negative rather than a positive history of respiratory infection or influenzalike illness (model 6).
COMMENT
In Quebec, a cluster of GBS cases was observed shortly after the start of the mass immunization campaign using an ASO3 adjuvant 2009 influenza A(H1N1) vaccine. Two different meth-ods were used to assess the risk associated with vaccine administration, and different definitions were applied for GBS cases and the postvaccination risk period. All RR estimates were greater than 1 and statistically significant for the 4-week postvaccination period. The excess risk was observed only in persons aged 50 years or older. The number of cases attributable to vaccina-tion was approximately 2 per 1 million doses.
The postvaccination GBS cluster observed in Quebec is unlikely to have been caused by influenza infection. The Interval between GBS onset and hospitalization, median (IQR), d 6 (3.5-10) 4.5 (2-9) 5 (3-12) 6 (3-12) 5 (3) (4) (5) (6) (7) (8) (9) (10) .26
Abbreviations: GBS, Guillain-Barré syndrome; IQR, interquartile range. a Not vaccinated or vaccine administration after disease onset or more than 8 weeks before disease onset. b Vaccine administration 8 or fewer weeks before disease onset. c Comparing all unexposed vs exposed individuals. d Reported in medical notes less than 1 month before GBS onset. 8, 9 In the context of wait times in vaccination clinics, it is reasonable to assume that people who developed an influenzalike illness did not rush to get a vaccine as soon as they recovered. Also, people who received 1 dose of adjuvant H1N1 vaccine were rapidly protected. 15, 16 It is thus very unlikely that the rate of pandemic influenza infection would have been higher in the vaccinated portion than in the unvaccinated portion of the population. No GBS cluster was observed in November-December 2009 among unvaccinated persons. Also, RRs remained statistically significant when the analysis was restricted to persons vaccinated after the period of intense circulation of the pandemic virus. 8, 9 The association between H1N1 influenza vaccination and GBS was found among patients with a negative history but not in those with a positive history of respiratory infection or influenzalike illness. However, lack of power prevents any definitive conclusion for patients with a positive history. In our study, patients were not contacted and interviewed about influenzalike illness prior to disease onset. Information on respiratory tract and gastrointestinal tract infections was extracted from medical charts of GBS patients. Although consulted neurologists reported that collecting data on recent in-fections and immunizations is routinely performed in the evaluation of patients with suspected GBS, an informa- tion bias cannot be excluded. We cannot exclude the possibility of better documentation of respiratory tract infections in persons with no history of recent vaccination. It is reasonable to think that people who are more likely to seek care for minor disease would also be more likely to get immunized. Such bias would underestimate the true RR when adjusting for reported infections. The risk associated with H1N1 vaccination may also be underestimated in our study if influenza infection plays a role in the etiology of GBS, as suggested in a few studies, 17 and if pandemic virus infections were more frequent among persons not vaccinated than persons vaccinated, which is a plausible hypothesis.
The seasonal influenza vaccination campaign in Quebec was postponed and started in late January 2010. 8 Seasonal vaccine uptake was very low compared with previous years. 18 During the 2009-2010 winter, seasonal influenza viruses did not circulate highly, representing 2% of all isolates. 14 Thus, seasonal influenza infection or vaccination is unlikely to explain the GBS cluster among persons vaccinated mostly in November 2010. 8 In Quebec, seasonal variation in the incidence of GBS has not been marked in recent years, as measured in the hospital discharge database (eFigure 2). In our study, results were not modified when this factor was taken into account in the self-controlled casesseries analysis or when GBS cases were stratified according to time of vaccine administration.
The completeness of GBS case identification is an important element to discuss, as selective underreporting could bias RR estimates. Our study is based on 2 independent sources, and several measures were implemented to encourage reporting by neurologists during the period of active surveillance. The overall GBS rate was 2.3 per 100 000 personyears, which is higher than the rates between 1.1 and 1.8 that have been reported in other studies. 2 Using the traditional capture-recapture method, 12 we estimated that 15 Brighton level 1 through 4 (11 level 1-3) GBS cases could have been missed. Including those hypothetical cases in the unvaccinated group in the cohort analysis (the "worst-case" scenario) would not change the trend (RR for weeks 1-4, GBS level 1-4, 2.14; RR for weeks 1-4, GBS level 1-3, 1.70).
Inconsistent results have been reported from other studies on the association between 2009 influenza A(H1N1) vaccines and GBS. A few studies lacked the power to detect an association of the magnitude of a few cases per 1 million doses. [19] [20] [21] Results of a casecontrol study in 5 countries in Europe are difficult to interpret because both adjuvant and nonadjuvant vaccines were used, vaccination coverage varied widely between countries, and case ascertainment was not standardized. 22 In the United Kingdom, the majority of H1N1 vaccines administered in 2009 contained the ASO3 adjuvant, as in Quebec. Cases of GBS were identified using 3 independent sources, including neurologists, the GBS support group, and the Hospital Episode Statistics database. 23 Information on seasonal and H1N1 influenza vaccination and on preceding infections was obtained from patients' family physicians. A large number of statistical analyses were performed using different methods to take into account uncertainties in the data set. Although the majority of risk estimates were higher than 1, none was statistically significant.
In the United States, results of the CDC's Emerging Infections Program showed a statistically significant association between nonadjuvant 2009 influenza A(H1N1) influenza vaccines and GBS using the self-controlled series method. 24 The RR during the 6-week postvaccination period varied between 2.1 (95% CI, 1.2-3.5) and 3.0 (95% CI, 1.4-6.4) according to the definition of the reference period. The corresponding attributable risks were 1.5 (95% CI, 0.3-3.4) and 2.8 (95% CI, 0.6-7.4) per 1 million doses administered.
Results of our study are consistent with the existence of a risk excess of about 2 GBS cases per 1 million doses in the 4 weeks following administration of 2009 influenza A(H1N1) influenza vaccine. In Quebec, the individual risk of hospitalization following a documented influenza A(H1N1) infection was 1 per 2500 and the risk of death was 1/73 000. 8 The H1N1 vaccine was very effective in preventing infections and complications. 15, 16 It is likely that the benefits of immunization outweigh the risks.
